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Fig. 4. Chemokines link the activation of Th2 lymphocytes and tissue eosinophilia. Antigen-activated CD4+ Th2 cells express IL-4 
and IL-13, which synergize with proinflammatory cytokines such as IL-1 and TNF, and stimulate from epithelial cells, endothelial 
cells and tissue macrophages the production of eosinophil chemoattractants, including eotaxin-1, eotaxin-2, eotaxin-3 and 
MCP-4. In turn, these chemokines attract activated eosinophils and basophils into the tissue, which results in the hallmarks of 
allergie diseases. APC, antigen-presenting cell. 
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Figure 3 Chemoattractants, cytokines and leukocyte types for different 
types of immune responses. (a) T H 1 cells produce the cytokine IFN-y, which 
stimulates cells to produce chemokines such as CXCL10, a CXCR3 ligand. 
T H 1 cells preferentially express CXCR3 and CCR5, and associate with 
leukocyte types such as macrophages. GVHD, graft-versus-host disease. 
(b) T H 2 responses typically involve the cytokines IL-4 and IL-13, which 
stimulate chemokines such as the eotaxins, which recruit CCR3-expressing 
leukocytes, particularly eosinophils. Another T H 2 expressed chemoattractant 
receptor is CRTh2, which is also expressed by eosinophils. (c) T H -17 
cells produce IL-17 isoforms, and these stimulate ELR chemokines such 
as CXCL8, which attracts neutrophils. The main T H -17 chemoattractant 
receptor is CCR6, which binds the chemokine CCL20; CCR4 also serves as 
a chemoattractant receptor. (d) T cell-B celi interactions occur mostly in 
B celi follicles and germinai centers, and CXCR5 — binding the chemokine 
CXCL13 — orchestrates germinai center interactions. The T FH cells that 
provide help to B cells express CXCR5 and the cytokine IL-21. 
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Role of chemokines in leukocvte recruitment 
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Chemokines in angiogenesis 



Fig. 1 Endothelial autonomous 
and non-autonomous roles of 
chemokines during 
angiogenesis. a Chemokines act 
directly on endothelial cells 
expressing chemokine receptors 
and thereby influence 
endothelial migration and 
angiogenesis. b Chemokines 
indirectly influence endothelial 
celi behaviours by attracting 
chemokine receptor-expressing 
leucocytes. These subsequently 
secrete proangiogenic factors, 
such as VEGF, that act on 
endothelial cells and initiate 
angiogenesis 
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Fig. 2 The role of chemokine signalling during tumour formation. 
a Immune evasion. Chronic locai inflammation caused by irritants or 
pathogens is accompanied by persistent leucocyte inflltration. Acti- 
vated inflammatory macrophages secrete abundant growth factors and 
produce reactive oxygen and nitrogen species, which generate a 
mutagenic environment that ultimately initiates transforming events. 
b Angiogenesis. The forming hyperplastic tissue is a source of 
chemoattractants, including CCL2/MCP-1 and CSF-1, which recruit 
circulating monocytes. As these monocytes colonize the tumour, they 
are instructed by the tumour environment to differentiate into M2 type 
TAMs. Tumour cells may also express chemokine receptors and 
respond to autocrine and paracrine stimulation. c Tissue destruction/ 
remodelling. Tumour growth is associated with accumulation of M2- 
type TAMs, which not only produce additional chemoattractants, but 
also actively suppress inflammatory and cytotoxic responses to the 
tumour. TAMs secrete proangiogenic factors that in addition to 
proangiogenic chemokines support tumour vascularization. TAMs 
also provide proteolytic activities that help the tumour to overcome 
constraining tissue borders and enhance metastasis. Throughout the 
entire development, new macrophages are recruited and subverted to 
serve the major objectives of the developing tumour. The major 
chemoattractant/growth factor producing celi types are highlighted on 
the right 
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Figure 1. Repertoire of chemokines and chemokine receptors expressed in cancer tissues. Close interactions occur between career cells and cells of the tumor 
microenvironment. ireluding endothelial cells. CAFs. MSCs. myeloid cells and TANs. Cancer cells produce a variety of chemokines that can modulate the biological 
properties notonly ofthese cells but al so thoseof associated stronfiai cells. Similarly, the cells of the tumor microenvironment also provide asource of chemokines that can 
alter the functions of cancer cells. 
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Chemokine biological activities 
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Concepts of chemokine functions 
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Figure I Concepts of chemokine functions. Chemokines can exert cell-type specific effects: while Gr-1 h,gh monocytes displaying only low levels of 
CX3CRI are recruited via this receptor, Gr-1 ,ow monocytes use CCR5 to enter atherosclerotìc plaques; CXCR6 yet again predominanti attracts T 
cells to lesion (A). Atherogenic mononuclear celi recruitment requires different receptor cues at different sites of lesion formation (6) and at different 
stages of lesion formation (C). CCR5 and its ligand CCL5 are more important in early lesion formation (Q. The chemokine receptors CCR2, CCR5, and 
CX3CRI independently and additively mobilize monocytes from the bone marrow (D). On the other hand, different receptors can mediate specialized 
functions during distinct steps of recruitment (£). Whereas most chemokines and their receptors promote inflammation, CXCR4 controls the homeo- 
stasis of neutrophils and CXCL16 functions as a scavenger receptor on macrophages, and both can thereby confer atheroprotective effects (F). 
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GPCR dependent signalling pathways leading to celi migration. In addition to regulating actin remodeling via the classical activation 
of heterotrimeric G proteins, GPCRs can induce signalling events through GRKs by a mechanism involving activation of the PI3K, 
MAPK, and the Ezrin/Radexin/Moesin pathways. Recruitment of the parrestin proteins to the activated receptors also leads to 
MAPK and cofilin activation. In some cases, parrestin has been shown to regulate transactivation of tyrosine kinase receptors, 
which in turn are associated with the control of the MAPK, PI3K, and JAK/STAT pathways. 
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G protein dependent celi migration. Stimulated GPCRs activate heterotrimeric G proteins to initiate a broad variety of signalling 
cascades. G s -coupled receptors promote the activation of PKA, which in some cases and celi types participate in the control of 
the MAPK pathway to regulate remodeling of the actin cytoskeleton, and celi migration. G q -coupled receptors have been shown 
to enhance motility by activating the classical PLC/PKC/calmodulin signalling axis, but also by stimulating the GTPase Rho. 
Similarly, G r coupled receptors lead to the activation of Rho as well as Rac regulating different aspects of actin remodeling. 
Finally, G 12/13 -coupled receptors are known as regulators of Rho and Cdc42 activation, controlling stress fibers and filopodia 
formation. 
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Figure 6. Signaling by GPCRs activatcd by chemoattractants C5a and fMLP C5a or fMLP binding to their respective 
GPCRs triggers dissociation of G ai -GTP from Gp v the lattcr interacting with PLCp, the plOl rcgulatory subunit of 
PDK7, and PAK1. Activated PLGfJ gcncratcs the second messengers IP 3 and DAG to elevate intiacettular calcium 
and activate PKC, respectively. These outcomes rcgulate JNK activation, vesicle exocytosis, and superoxidc produc- 
tion by the NADPH oxidase. PIP 3 generateci by PDKy, whose activation also involves the GTPase Ras, stimulates 
GEFs (DOCK2 and Prexl) that activate Rac GTPases. PAK1 interacts with the GEF PIXa for activation of another 
Rho family GTPase called Cdc42. Rac 1 , Rac2, and Cdc42 together regulate chemotaxis by coordinating alterations to 
the actin cytoskeleton via mDia 1 and the ARP2 / 3 complex. Rac2 is also an essential component of the NADPH ox- 
idase. The signaling componente regulating gene transcription are less defined. 
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Figure 1. Chemokine receptor signaling pathways. SDF-1 binding to CXCR4 or RANTES/MIP-lot/MIP-1 p binding to CCR5 activates G proteins 
(Goc particularly Gotj, Gs q , and GPy) and multiple downstream pathways. (A) GSq activates phospholipases such as phospholipase C-y (PLC-y), whlch 
hydrolyzes prK>sphatidylinositol-4,5-biphosphate (PIP2) to generate inosrtol triphosphate (IP3) and diacylglyerol (DAG), trlggering calcium Influx and 
the actlvatlon of kinases such as protein kinase C (PKC). (B) Goti activates phospholipases, phosphodiesterases, and the lipid kinase PI3K via Src-family 
kinases. GPy also activates PI3Ky. PI3K activation stimulates downstream targets such as protein kinase B (PKB/ Akt), NF-kB, mitogen/extracellular 
signal-regulated kinase (MEK-1), and extracellular signal-regulated kinase (ERK1/2). PI3K also triggers the tyrosine phosphorylation of focal adhesion 
complex components such as proline-rich tyrosine kinase (Pyk2), paxillin, Crk, and p130Cas. (C) GTP-bound GPy stimulates guanine nucleotide 
exchange factors (GEFs) such as TIAM1 and PREX1 specific for the Rho famiry GTPases (Rac/CDC42/RhoA). These GTPases activate pathways 
regulating cytoskeleton: Rac activates p21-activated kinase (PAK), which then activates LIM kinase (LIMK), leading to cofilin phosporylation and actin 
polymerization. CDC42 promotes actin assembly through the Wiskott-Aldrich Syndrome famiry protein (WASP) and actin-nucleating protein Arp2/3. 
RhoA activates Rho kinase (ROCK) , leading to myosin light-chain (MLC) phosporylation and mkrotubule rearrangement. (D) SDF-1 may also trigger 
Goti-independent activation of the JAK-STAT pathways. 
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Figure 15.5 Signal transduction pathways emanating from chemokine receptors in leukocytes. Binding of 
the chemokine IL-8 to its receptor, CXCR2, results in th e activation of a number of signal transduction pathways 
through the activation of phospholipases Cp, A 2 and D. 
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Role of chemokines in patholoqy 



1 Lessons from KO animals 

2 Lessons from viruses (HIV) 

3 Correlative observations in human diseases 

4 Chemokines as drug targets 



1. Bioloqical activities of chemokines in vivo 
Lessons from chemokine receptors KO mice 
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Embryo, lethal defect 20 ; defective development in cardiovascular, centrai nervous. and 

hematopoietic systems 20 
Abnormalities in lymph nodes and Peyer patch development 2 ' 
Imbalance of T H 1/T H 2 cytokines 22 ; defective granuloma formation"; re duction in acute 

allograft rejection 23 ; resistance to experimental autoimmune encephalitis 24 ; reduced 

pancreatitis-associated lung injury 25 ; increased neph riti s-associated glomerular injury 26 ; 

increased sensitivity to Toxoplasma 27 zrtàAspergillus 2 * 
Defective recruitment of macrophages 29 ; defective production of T H 1 cytokines 29 ; 

increased sensitivity to (.isteria? 2 AspergiHu^; normal susceptibility to Leishmania; 

reduction in acute allograft rejection 32 ; resistance to experimental autoimmune 

encephalitis 53 ; reduced progression of atherosclerotic plaques 34 
Reduced eosinophil recruitment, bu t increased b ro nchoco nstrict ion in airway allergie 

models 3 ^; reduced eosinophil recruitment but normal basophil and IL4 concentrations 

in skin allergie diseases 36 
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1. Bioloqical activities of chemokines in vivo 
Lessons from chemokine receptors KO mice 




Rcceptar RMMtjpc Insidili 

CCR4 Noeffect in y-dependent airway inflammation 37 ; resistance to LPS-induced endotoxic shock 37 No role in type II immune response 
CCR5 Enhanced DTH reactions 36 ; increased sensitivity to Osteria** and tiyptococcu^; reduced Innate immunity; no role in 

macrophage infiltrata and demyelination 40 ; normal sensitivity to experimental antiviral immunity 

autoimmune encephalitis 41 ; normal immune response to choriomeningitis virus 42 
CCR6 Detective homing of dendritic cells in Peyer patches 43 ; impaired humoral response to orally Mucosal immune responses ; type 

administered antigens 43 ; increased inflammation in contact hy persens iti vity 44 ; reduoed II immune response 

DTH reactions 44 ; reduction of eosinophi recruitment, airway resistance, IL-5 and IgE levels 

in airway allergie models 4 - 

CCR7 Abnormalities in lymph nodes and Peyer patch development 48 ; detective lymph node homing Lymphoid organogenesis; adaptive 

of dendritic cells 46 ; reduced contact hypersens iti vity 46 ; reduced DTH reactions 46 immunity 
CCR8 T H 2 normal development, but aberrant cytokine production 47 ; detective immune response to Type II immune response 

Stìistosoma eggs 47 ; normal immune response to Mycobacteriuuf 7 ; reduced eosinophil 

recruitment in airways allergie models 47 
CCR9 Reduced intraepithelial homing of yò+ T cells 48 Mucosal immunity 

CX3CR1 Detective NKoell recruitment 49 : reduoed allograft rejection in immunosuppressed Type I immune response 

conditions 49 ; normal susceptibiity to experimental autoimmune encephalitis 49 ; normal 

antibody-induoed glomerulonephritis 49 ; possible role in atherosclerosis 50 
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The mouse C5aR coding region was replaced with the human C5aR sequence, to create human C5aR 
knock-in mice. Mouse neutrophils display high expression of human C5aR, assessed using a human 
C5aR-specific mAb (left). Human C5aR knock-in mice develop inflammatory arthritis in the K/BxN 
model (middle). Human C5aR knock-in mice treated with mAb to human C5aR are completely 
protected (right). These human C5aR knock-in mice have been instrumentai for the development of 
Novo Nordisk's C5aR mAb inhibitor. From Lee et al. 19. 
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3. Chemokines in human diseases: 
correlative observations 
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Overview of the interesting chemokine receptors as ómg targets in various c hronic inflammatory diseases, validation of the targets in animai disease models (in italic when negative 
(— )) and the current status in clinica! trials. 



Disease 



Potential 
target 



Target cells 



Validation in animai s 



Qinical trials 



COPD 



Asthma 



DO 



Rheumatoid 
arthritis 



CXCR1 *2 

CXCR3 
CCR2 

CCR5 
CXCR1/2 

CXCR3 

CXCR4 

CCR2 

CCR3 

CCR4 

CCR8 

XCR1 

CXCR1/2 

CXCR3 

CXCR4 

CCR4 

CCR6 

CCR7 

CCR9 



CXjCRl 
CXCR1/2 

CXCR3 

CCR1 
CCR2 

CCR5 



Neutrophils, monocytes/macrophages 

T 0 T H 1 cells 
Tceils 

Monocytes/macrophages 
Tceils 

Neutrophils, mast cells 
Endothelial cells 
T cells, mast cells 

Tceils 

T cells, mast cells 
Eosinophils, mast cells 
T„2 cells 
T„2 cells 
cells 
Neutrophils 

M onocyte s /ma ero ph age s 
T 0 T„1 cells 

Tceils 
T reg cells 
T H 17, T^ cells 
J TCg cells 
T re g cells 



Dendritic cells 
Neutrophils 

M onocyte s /macro ph age s 
Tceils 

T cells, monocytes 
T celi, dendritic cells 
mo nocyte s/macrop h age s 
T cells, monocytes 



CXCR2 mice 
CXCR2 anta goni st 
CXCR3 - ~ mice 
None 



An0-O(CR2 mAb 



OCCR3+CCR5 anta goni st (TAK- 

779) 

None 

CCR2" " mice 
CCR3 antagonist 
CCR4" " mice 
CCR8~ " mice 
None 

CXCR2" " mice 
CXCR2 antagonists 
CXCR3~ ~ mice 
CXCR3 antagonist 
CX CR4 antagonist 
CCR4~ ~mice (-) 
CCR6-'-rmce (-) 
CCR7~'~mice (-) 
CCR9~ ~mice (-) 
CCR9 mAb 
CCR9 antagonist ? 
CXjCRl " " mice 
CXCR2~ ~ mice 
CX CR2 antagonist 
Anti-CXCR3 mAb 
CXCR3 antagonist 
CC RI antagonist 
CCR2 antagonist 
(anti CCL2 mAb) 
CCR5 antagonist 



Phase Icompleted 
No 

(Phase I completed) 

Phase l completed 
(Phase I completed) 

No trial 

Phase I anti-CXCR4 mAb (my e Ionia) 

Phase I completed 

Phase li recruitment 

Phase Icompleted 

No 

No 

Phase Icompleted 

Phase II ariti -CXCL10 mAb 

Phase I anti-CXCR4 mAb (myeloma) 

No 

No 

No 

Phase III recruiting 



No trial 

Anti-CXCL8 mAb trail failed 

Phase II anti-CXCLl 0 mAb 
Phase II CXCR3 antagonist 
Phase II failed 

Phase II failed (both CCR2 antagonist and anti-CCL2 
mAb) 

Phase II failed 



Overview of the interesti ng cherookine receptors as drag targets in various chro nic i nflammatorv diseases, validation of the targets in animai disea se models (in italic when negative 
(-)) and the current status in dinical trials. 





Disease 


Potential 
target 


Target celi s 


Validation in animals 


Oinical trials 




Artherosderosis 


CXCR1/2 


Neutrophils 


CXCR2" /_ mice 


Phase l completed 










CXCR2 antagonist 








CXCR3 


Tc.Th1 cells 


CXCR3" " mice 


No 










CXCR3 antagonist 








CXCR4 


Tcells 


None 


Phase l anti-CXCR4 mAb (myeloma) 






CCR2 


T cells monocytes/macrophages 


CCR2" " mice 


Phase II completed 






CX3CR1 


Monocytes/macrophages, Endothelial cells 


CX3CR1 ~ mice 


No 




MS 


CXCR2 


Neutrophils 


CXCR2 antagonist 


No 






CXCR3 


T c , T H 1 cells 


CXCR3" " mice 


No 










Anti-CXCLlOmAb 








CXCR6 


Tcells 


Anti^CXai6mAb 


No 






CCR1 


Tcells 


CCRr'~(-) 


Phase II 








Monocytes/macrophages 


CCR1 antagonist 






CCR2 


Tcells 


CCR2" " mice 


No 








Monocytes/macrophages 


CCR2 antagonist 








CCR5 


Tcells 


CCR5 antagonisti-) 


No 








Monocytes/macrophages 








Psoriasis 


CXCR2 


Neutrophils 


No good animai model available 


Anti-CXCLS mAb fai led in phase II 








Monocytes/macrophages 










CXCR3 


T C .T H 1 cells 




Phase II fai led 






CCR1 


Tcells 




Phase II fai led 








Monocytes/macrophages 










CCR2 


Tcells 




No 








li o rvxvtp s / nrtì rro nh ape s 










CCR5 


Tcells 




Phase II fai led 








M onocyte s ; ma ero ph^ge s 










CCR6 


T cells, dendritic cells 




No 






CX3CR1 


Tcells 




No 



Table 2. Survey of the clinical trials targeting chemokines in cancer 




Target 


Drug 


Type 


Company 


Clinic al 
phase 


Indication 


CXCR4 


AMD3100 


Small molecule 
inhibitor 


Genzyme 


Phase N ili 


Multiple myeloma; acute 
myeloid leukemia; solid tumon 




MDX-1338 


Antibody 


Medarex 


Phase 1 


Acute myeloid leukemia 




BKT140 


Small molecule 
inhibitor 


Biokine Therapeutics 


Phase I II 


MultÌDle mveloma 

Ivi V-J 1 W 1 k-T ' **** | ■ ■ W V> 1 Va' 1 ■ ■ W* 




CTCE-9908 


Peptide antagonist 


Chemokine 


i 1 il 1 

Phase VII 


Solid tumors 




MSX-122 


Small molecule 
inhibitor 


Therapeutic Corp. 
M etastati x Inc. 


Phase 1 
suspended 


Solid tumors 


CCR4 


KW0761 


Antibody 


Kyowa Hakko Kogyo Co. 


Phase II 


Adult Tcell leukemia and 
lymphoma, peripheral 
T celi leukemia 


CCR5 


ocn-L 


ornali molecule 
inhibitor 


ochering-rlough 


rhase 1 


Cancer 


CCR9 


CCX282 


Small molecule 
inhibitor 


Chemocentryx 


Phase III 


Crohn's disease 


CCL2 


CNTO 888 


Antibody 


Cento cor 


Phase 1 


Solid tumors 

\-r 1 1 U t \J III \J l tJ 




MLN1202 


Antibody 


Millenium 


Phase II 


Bone metastasis 


'CT: clinicaltrials.aov. 






1. Selectin-mediated rolling 

2. Chemoattractant signaling 




SelectinsY 



3. Integrin-mediated firm adhesion 



Endothelium 




Chemoattractant 



4. Migration along 
chemotactic gradient 



Mast cells 
Macrophages — Histamine 

5. Stimulation of 



mediator release 



Proteases 



r 

— ► Myeloperoxidase 
Neutrophils 



T cells 



6. Angiogenesis 



( 



> 



7. Regulation of leukocyte 
sip, retention in tissue 



Points 1-3 involve the multistep adhesion cascade of 
leukocyte binding to endothelium. Chemoattractants 
(green dots) signal chemoattractant GPCRs such as 
chemokine receptors or C5aR, leading to integrin 
activation and firm adhesion. Chemoattractants also 
attract leukocytes through tissues (point 4) and 
stimulate leukocytes to release inflammatory 
mediators such as histamine and proteases (point 5). 
An associated feature of many inflammatory 
responses is angiogenesis, in which chemokines are 
important (point 6). Finally, leukocyte egress from 
tissues, particularly lymphoid tissues, is regulated by 
S1 P receptors (point 7), and stimulation of S1 P 
receptors can limit the migration through blood and 
tissues by pathogenic T cells. At present, there are 
many drugs in preclinical and clinical development 
that target one or more of these points (Table 1 ). 
Selectin inhibitors operate at point 1; integrin 
inhibitors may operate at points 1 , 3 and 4; 
chemoattractant receptor inhibitors operate at points 
2, 4, 5 and 6; and S1P receptor-based drugs such as 
STY-720 operate at point 7. 




MIGRAZIONE DEI LEUCOCITI NELL'INFIAMMAZIONE 



PREFERENZIALITA' DELLA MIGRAZIONE 

- 1 diversi tipi di leucociti migrano con una differente sequenza temporale. In genere, per 
primi migrano i granulociti polimorfonucleati neutrofili, poi i monociti e i linfociti 

- A seconda della causa, dell'organo interessato e del tipo di infiammazione, ci può essere 
una prevalenza di migrazione di un tipo di leucocita rispetto ad altri 



Iniezione 
di glicogeno 



^ ^(^\) Granulociti 

(^) Cellule mononucleate 




12 18 24 30 36 42 48 
Ore 




FIGURE 12.4 
The sequence 
neutrophils- 
monocytes illus- 
trateci by the 
method of the 
"skin window." 
An area of skin 3 
mm wide is scari- 
fìed, and a cov- 
erslip is taped 
over it. Top: Af- 
ter 3 hours the 
predominant celi 
type on the cov- 
erslip is the neu- 
trophil. Bottom: 
After 12 hours, 
the monocyte is 
predominant. 
Bars =10 /xm. 
(Reproduced 
with permission 
from [41].) 



MIGRAZIONE DEI LEUCOCITI NELL'INFIAMMAZIONE 



La migrazione dei differenti tipi di leucociti è dovuta a attivazione di meccanismi 
molecolari diversi e precisamente: 

a) Differenza del corredo di selectine e integrine presenti e attivate sulla membrana dei 
globuli bianchi e del loro contro recettore sulle cellule endoteliali. Per esempio: i linfociti 
esprimono una pi integrina, VLA4, e una (32 integrina LFA1 che legano rispettivamente 
VCAM 1 e ICAM 1 e ICAM 2; i neutrofili esprimono specialmente le (32 integrine che 
legano ICAM 1 e ICAM 2; gli eosinofili aderiscono e migrano prevalentemente attraverso il 
legame di VLA 4 con VCAM1 attivato da IL- 4. 



Leukocyte-endothelial interactions 



<3> 



Endothelial adhesion 
molecule expression 



(B) Leukocyte infiltration 



T cells 




E-selectin 



ICAM-1 



VCAM-1 



MIGRAZIONE DEI LEUCOCITI NELL'INFIAMMAZIONE 



La migrazione dei differenti tipi di leucociti è dovuta a attivazione di meccanismi 
molecolari diversi e precisamente: 

a) Differenza del corredo di selectine e integrine presenti e attivate sulla membrana dei 
globuli bianchi e del loro controrecettore sulle cellule endoteliali. Per esempio: i linfociti 
esprimono una pi integrina, VLA4, e una (32 integrina LFA1 che legano rispettivamente 
VCAM 1 e ICAM 1 e ICAM 2; i neutrofìli esprimono solo |32 integrine che legano ICAM 1 
e ICAM 2; gli eosinofìli aderiscono e migrano prevalentemente attraverso il legame di VLA 
4 con VCAM1 attivato da IL 4. 

b) Presenza di differenti fattori chemiotattici, soprattutto chemochine, capaci tra 1' altro 
di attivare integrine su differenti tipi di globuli bianchi (Per esempio: MCP-1/CCL2 attiva 
monociti; CXCL 10/IP- 10 attiva linfociti e monociti e non i neutrofìli; Eotassina/CCLll 
attiva prevalentemente gli eosinofìli; ecc) 

c) Presenza di recettori specifici per differenti fattori chemiotattici sui globuli bianchi. 



Possiamo cosi teorizzare l'esistenza di "codice di area tissutale" (come un codice di 
avviamento postale) formato dalla giusta Selectina+la corretta Integrina+P adeguato 
fattore attivante+il corretto ligando endoteliale+fattore chemotattico specifico per 

ogni tipo di leucocita. Se un leucocita deve migrare in un certo tessuto e' necessaria 
l'attivazione di un certo codice, se deve migrare in un altro tessuto il codice e' diverso e 
cosi' via. Il codice, tuttavia, deve essere sempre completo. Un leucocita in grado di 
rotolare e aderire ma non di migrare non si accumula nel tessuto e torna nel circolo 
sanguigno senza svolgere la propria funzione 
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Codice Monociti 



111, 211, 311, 112, 212, 312, 113, 213, 313, Mai X2X 
114, 214, 314, 134, 234, 334, 144, 244, 344 



Codice Neutrofili 1 21 , 221 , 321 , 1 22, 222, 322, 1 23, 223, 323 Mai X1 X o XX4 

Codici Comuni 131, 231, 331, 132, 232, 332, 133, 233, 333, 

141, 241, 341, 142, 242, 342, 143, 243, 343 

■ Figura 13.23 - Modello del codice a tre cifre. Per uscire dai vasi i leucociti devono riconoscere un 
codice di almeno tre cifre. L'utilizzo combinato di differenti molecole nei vari stadi del reclutamento 
genera un ampio numero di codici, dove la prima cifra è il tipo di selettina utilizzata, la seconda il 
fattore chemiotattico e la terza il tipo di integrino. Poiché i leucociti possono utilizzare molecole adesive 
e fattori chemiotattici diversi, possono esserci codici distinti per alcune sottopopolazioni leucocitarie. 




Figure 1 The neutrophil recruitment cascade. 
Intravital confocal microscopy image of a 
cremasteric postcapillary venule with added 
cartoon cells il lustrating the consecutive steps 
of the recruitment of circulating neutrophils to 
localized inflammation (infection or necrosis). The 
white boxes show the adhesion molecules involved 
in each step. Endothelial celi junctions are 
stained with monoclonal antibodies to CD31 (red). 
Endothelial upregulation of adhesion molecules 
results in interactions between selectinsand 
their ligandson neutrophils, leadingto neutrophil 
tethering and rolling. Chemokines sequestered 
on the luminal endothelium induce conformation 
changes of neutrophil p 2 integrins, which results in 
neutrophil adhesion and crawling. Mechanotactic 
and chemotactic guidance signals direct crawling 
neutrophils to junctional transmigration sites closer 
to the source of chemotactic agent, examples of 
which are given in the green box. 

Localized tissue infections are thought to 
activate sentinel cells, which include dendritic 




t Chapter 3 - LeukocytQ Migration into Tìssuqs 



Lymph node 



Peripheral tissue 




CCL19/ 
CCL21- 

&3 



Integrin 

(LFA-1 or VLA-4) 



High endothelial 
venule in lymph node 



Endothelium 
at the site of infection 



Tcell 

homing receptor 


Ligand on 
endothelial celi 


Function of receptor 
ligand pair 




Naive T cells 
J L-selectin 


[W] L-selectin 
y ligand 


Initial weak adhesion of naive T cells 
to high endothelial venule in lymph node 




t7CCR7 


<3>CCH9orCCL21 


Activation of integrins and chemokinesis 




^ LFA-1 ([32-integrin) 


^ ICAM-1 


Stable arrest on high endothelial venule 
in lymph node 



Acnvaiea ^erreaor 
and memory) T cells 

ME- and P- 
| selectin ligand 



CXCR3 



CCR5 



LFA-1 (p"2-integrin)or 
VLA-4 (01 integrin) 



E- or P- 
selectin 



i 

<^>CXCLlO(others) 
<^> CCL4 (others) 

^ ICAM-1 or VCAM-1 



Initial weak adhesion of effector and 
memory T cells to cytokine activated 
endothelium at peripheral site 
of infection 

Activation of integrins and chemokinesis 



Activation of integrins and chemokinesis 

Stable arrest on cytokine activated 
endothelium at peripheral 
site of infection 



FIGURE 3-6 Migration of naive and effector T lymphocytes. A, Naive T lymphccYtes home to lymph nodes as a result of L-SQlectin 
binding to its ligand on high endothelial venules. which are present onry in ryrnph nodes. and as a result of binding chemokines (CCL19and CCL21) 
displaved on the surface of the high endothelial venule. Activated T Ivmphocvtes. including effector cells. home to sites of infection in peripheral 
tissues. and this migration is mediated by E-selectin and P-selectin, integrins, and chemokines that are produced at sites of infection. Additional 
chemokines and chemokine receptors. besides the ones shown. are involved in effector/memory T celi migration. B, The adhesion molecules. che- 
mokines. and chemokine receptors invoK/ed in naive and effector/memory T celi migration are described. 



Tipo di 
leucocita 


Molecola 
adesiva 
espressa dal 
leucocita 


Ligando 
espresso 
sull'endotelio 
vascolare 


> 


Ruolo nel 
modello a fasi 
di migrazione 
leucocitaria 


Attivazione di 
adesione(A) o 
migrazione 
(M) da parte 
di: 


Specificità' 

tissutale 
determinata 


Polimorfo- 
nucleato 
neutrofilo 


L-Selectin 
(CD62L) 

(32-Integrine: 
CDlla/CD18 
(LFA1) 

CDllb/CD18 
(CR3) 


P-Selectin 
(CD62P) 
E-Selectin 
(CD62E) 
CD34 e Sialo- 
proteine varie 

ICAM-1JCAM-2 

ICAM-1JCAM-2 




Rotolamento 

Adesione resistente 
al flusso sanguigno 
e migrazione 


Non necessita 
attivazione 

fMLP, IL-8, PAF, 
LTB4, C5a, TNF 
(A+M) 


Nessuna; tutti i siti 
infiammatori 

Nessuna; tutti i siti 
infiammatori 









































Tipo di 
leucocita 


Molecola 
adesiva 
espressa dal 
leucocita 


Ligando 
espresso 
sull f endotelio 
vascolare 


Ruolo nel 
modello a fasi 
di migrazione 

1 Ali /"» l~k/"»l "d"0 1*1 o 

leucocirana 


Adesione (A) 
Migrazione (M) 


Specificità 
tissutale 




Selettina L (CD62L) 

; 


Selettina P (CD62P) 
oeieiiina c ljozli j 

CD34 
Altre sialoproteine 


Rotolamento 


Non necessita attivazione 


Nessuna 
filini ì sui ìniidmmdion ) 


sranulocita 
eosinofilo 


CD49d/CD29 
(VLA-4) 


VCAM-1 


Adesione resistente al 
flusso sanguigno; 
migrazione; 


Non necessita attivazione 


Siti infiammatori 
allergici con elevata 
espressione di VC AM- 1 
e eotassina 
(es. parenchima 
polmonare in corso di 
asma allergico) 




1 a /mi 8 n v a ^\ 

LUI la/L^Ulo (LrA- 1 ) 


Tf^ÀA/T 1 Tf^ÀA/T 0 
1L/\1V1-1, 1L/\1V1-Z 


Adesione resistente al 
flusso sanguigno 


TNF (A); 
IL-8, eotassina, PAF, LTB4 


Accumulo preferenziale 
in tessuti che esprimono 
eotassina 




CDllb/CD18(CR3) 


ICAM-1JCAM-2 


Adesione resistente al 
flusso sanguigno e 
migrazione 


TNF (M); 
IL-8, eotassina, PAF, LTB4, 
(A+M) 


Accumulo preferenziale 
in tessuti che esprimono 
eotassina 




Tipo di 
leucocita 


Molecola 
adesiva 
espressa dal 
leucocita 


Ligando 
esuresso 
sull f endotelio 
vascolare 


Ruolo nel 
modello a fasi 
di migrazione 
leucocitaria 


Adesione (A) 
Migrazione (M) 

1 


Specificità 
tissutale 




Selettina L (CD62L) 


Selettina P (CD62P) 
Selettina E (CD62E) 


Rotolamento 


Non necessita attivazione 


Nessuna 






CD34 

Altre sialoproteine 








Monocita 


CD49d/CD29 
(VLA-4) 


VCAM-1 


Adesione resistemte al 

flusso; 

migrazione; 


PAF, LTB4, TNF (A); varie 
chemochine (M) 


Nessuna 

(tutti i siti infiammatori) 




CDlla/CD18 
(LFA-1) 


ICAM-l,ICAM-2 


Adesione resistente al 
flusso sanguigno 


PAF, LTB4, TNF (A+M); 
varie chemochine CC (M) 


Nessuna 

(tutti i siti infiammatori) 




CDllb/CD18 
(CR3) 


ICAM-l,ICAM-2 


Adesione resistente al 
flusso sanguigno e 
migrazione 


PAF, LTB4, TNF (A+M); 
varie chemochine CC (M) 


Nessuna 

(tutti i siti infiammatori) 



Tipo di leucocita 



Molecola adesiva 
del leucocita 



Molecola adesiva 
dell ? endotelio 
vascolare 



Ruolo nel modello a 
fasi di migrazione 
leucocitaria 



Adesione (A) 
Migrazione (M) 



Specificità tissutale 



Selettina L (CD62L) 



Selettina (CD62L) 



CLA 
a4(37 



Linfocita 



CD49d/CD29 
(VLA-4) 



CDllb/CD18 
(LFA-1) 



PNAd (Periferal Node 
Addressin) 



MadCAM-1 
(Mucosal Vascular 
Celi Adhesion 
Molecule) 

Selettina E 



MadCAM-1 



VCAM-1 



ICAM-1 
ICAM-2 



Rotolamento 



Rotolamento 



Rotolamento 

Adesione resistente al 
flusso sanguigno 



Adesione resistente al 
flusso sanguigno 



Adesione resistente al 
flusso sanguigno; 
migrazione all'interno 
del tessuto 



Non necessita attivazione 



Non necessita attivazione 



Non necessita attivazione 



Fattore legato a G-protein 
NON ancora identificato 
(A) 



Fattore legato a G-protein 
NON ancora identificato 
(A) 



Chemochine infiammatorie 
(RANTES, MlP-la/p, 
MCP-l,MCP-2) 



Migrazione selettiva 
di linfociti "naive" 
nei linfonodi 

Migrazione selettiva di 
linfociti "naive" nelle 
placche di Peyer 

Migrazione selettiva di 
linfociti T di memoria 
nella pelle 

Migrazione selettiva di 
linfociti "naive" nelle 
placche di Peyer e di 
linfociti di memoria in 
distretti mucosi non- 
polmonari 



Nessuna 

(migrazione selettiva di 
linfociti di memoria 
attivati in siti 
infiammatori) 

Nessuna 

(meccanismo generico di 
reclutamento nei siti 
infiammati) 




9 



Extravascular Space 



Migration 




® 

Tethering 



Rolling Activation 



Adhesion 



Diapedesis 



PLN 

Naive T cells: 

Naive B cells: 
Skin 

Memory T cells: 

Small Intestine 
Memory T cells: 



L-selectin - PNAd 



L-selectin - PNAd 



CCR7- SLC 



? -? 



LFA-1 - ICAM-1 CCR7 - ELC CCR7 - ELC 



LFA-1 - ICAM-1 



9.9 



CXCR5 - BLC 



CLA - E-selectin CCR4 - TARC LFA-1 - ICAM-1 CCR10-CTACK CCR10-CTACK 
u401 - VCAM-1? CCR10- CTACK? u4(31 - VCAM-1? 



a4fi7 - MAdCAM-1 CCR9-TECK? 



LFA-1 - ICAM-1 CCR9 -TECK? CCR9-TECK? 
u4|37-MAdCAM-1? 



Seconds 



Minutes 



IL LINGUAGGIO DELL' INFIAMMAZIONE 



T1SSUES 



Complement activation 




Endothelial 

d.llìKIL',1' 

Plasmili 

briii J 
Fibriiiopeptides 



L' INSIEME DEI SEGNALI, I 
MECCANISMI DELLA LORO 
FORMAZIONE, LE MODALITÀ' 
D'INTERAZIONE CON LE 
CELLULE BERSAGLIO, LE 
REAZIONI DI TRASDUZIONE, I 
MECCANISMI DI 
TRASFORMAZIONE DEI 
SEGNALI IN RISPOSTE 
CELLULARI, LE INTERAZIONI 
RECIPROCHE POSITIVE O 
NEGATIVE TRA I SEGNALI E 
TRA LE REAZIONI DI 
TRASDUZIONE, 



CHE REGOLANO: 



FIGURE 15-12 



Overview of the cells and mediators involved in 
a locai acute inflammatory response. Tissue damage leads to the 
formation or complement products that act as opsonins, anaphyla- 
toxins, and che mota ctic agents. Bradykinin and fibrinopeptides 



induced by endothelial damage mediate vascular changes. Neu- 
trophils generally are the first leukocytes to migrate into the tissue, 
followed by rnonocytes and lymphocytes. Only some ot the interne 
tions involved in the extravasation of leukocytes are depicted. 



L'INNESCO, L'EVOLUZIONE, LE 
ESPRESSIONI E L'ENTITÀ' 
DELLA REAZIONE 
INFIAMMATORIA NELLE SUE 
FORME LOCALI E SISTEMICHE. 



IL LINGUAGGIO DELL' INFIAMMAZIONE 

DANNO 
i 

RICONOSCIMENTO 

^SEGNALI (mediatori) 



SISTEMI POLIMOLECOLARI CELLULE 
SOLUBILI 



SEGNALI 
(mediatori) 



TRASFORMAZIONE DEI SEGNALI 
IN EVENTI CELLULARI CLAMOROSI 




FUNZIONE 
CELLULARE 



PRODUZIONE DI ALTRI MEDIATORI 



MEDIATORI CHIMICI 



1. DERIVATI DAI SISTEMI POLIMOLECOLARI SOLUBILI del plasma e dell'interstizio 

2. DERIVATI DA CELLULE, durante o dopo il loro reclutamento. Sono di tipo 
diverso: 

a) preformati nelle cellule, e rilasciati in risposta all'attivazione: ISTAMINA 
SEROTONINA ENZIMI IDROLITICI (es. proteasi, lipasi, glucuronidasi, ecc.) 



b) neoformati : 

• rapida neoformazione (minuti): FOSFOLIPASI A 2 DERIVATI ACIDO ARACHIDONICO 
(idrossiacidi, leucotrieni, prostaglandine, trombossani, lipossine, ecc.), FATTORE ATTIVANTE LE 
PIASTRINE (PAF), RADICALI LIBERI DELL'OSSIGENO, OSSIDO NITRICO 



• lenta neoformazione (ore): CHEMOCHINE, CITOCHINE 




FUNZIONI CELLULARI COINVOLTE NELLA INFIAMMAZIONE 

- IL TONO DELLE MIOCELLULE ► vasodilatazione 

- LA CONTRAZIONE DEGLI ENDOTELIOCITI ► permeabilità' 

- LA SECREZIONE DI MEDIATORI COSTITUTIVI (es. proteasi, istamina, serotonina, 
proteine battericide, ecc. da parte di granulociti, macrofagi, piastrine). 

- LA SINTESI E IL RILASCIO DI FATTORI NEO-SINTETIZZATI (es. eicosanoidi, PAF, fattori 
del complemento, radicali liberi dell'0 2 , citochine, fattori di crescita da parte dei granulociti, 
linfociti, macrofagi, piastrine, endoteliociti, fìbroblasti, epatociti ). 

- IL MOVIMENTO (random o chemiotattico) 

- LA ADESIONE DEI LEUCOCITI ALL' ENDOTELIO 

- LA AGGREGAZIONE (leucociti, piastrine) 

- LA FAGOCITOSI 

- IL "PRIMING" (stato di aumento della responsivita' potenziale) 

- LA PROLIFERAZIONE (endoteli, linfociti, fìbroblasti) 

- LA DIFFERENZIAZIONE (linfociti, monociti, granulociti) 




MEDIATORI CHIMICI 















1. DERIVATI DAI SISTEMI POLIMOLECOLARI SOLUBILI del plasma e dell'interstizio 

CARATTERISTICHE : 
1) Famiglie di proenzimi 



2) Attivazione sequenziale dei componenti: 
a^b^c^d^e^ecc 
con acquisizione di proprietà' proteasiche 



3) Liberazione di molecole biologicamente attive 

4) Poliattivabilita' 

5) Interrelazioni tra i vari sistemi: 

- attivazione reciproca 

- composti comuni 

- attivazione comune 

- inibitori comuni 




